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Description

Field of the invention

[0001] The present invention relates to relates to apparatuses for roasting coffee beans in a safe environment.

Background of the invention

[0002] The roasting of coffee beans is a well-known process. The main steps consists in heating the beans to a desired
roasting level and then cooling or quenching the heated beans to stop the roasting. During heating, smoke is emitted.
This smoke contains safe and desired components all together, in particular the usual roasted coffee aroma, but also
undesired less safe volatile organic compounds (VOC) VOC such as pyridine, 2-furane methanol, caffeine furfural,
formaldehyde, acetaldehyde, ... and particulate matter (PM, 5, PM,), ...

[0003] When roasting is implemented in manufacturing places producing important quantities of roasted beans, gen-
erally all the conditions for catching unsafe components are supplied.

[0004] But, there is a recent trend to implement small batch roasting with small roasters in shops, restaurants and
coffees where customers are able to consume coffee brewed from freshly roasted beans. The roaster does not only
provide freshness and theater advantages, but also dispenses the pleasant roasted coffee aroma inside the shop or
coffee.

[0005] Yet, as mentioned above, harmful components are emitted too. When the roaster is used in a closed environment
like a shop, coffee or restaurant, the emission of some components can become harmful depending on the size of the
room, the ventilation of the room, ... For people working several hours in the room, smelling the smokes of the roaster
can lead to a health problem.

[0006] As a result, in such an environment, it is recommended to stop the emission of smoke from the roaster to avoid
any healthy issue for people present in the shop. The existing solutions consist in destroying contaminants, such as an
afterburner enabling thermal oxidation of contaminants or a catalytic afterburner or retaining contaminants inside the
apparatus like mechanical filters (metallic sieves or paper filter), an active carbon filter or an electrostatic precipitator or
combination thereof.

[0007] When an active carbon filter is used, the active carbon substance, usually hold in a bag, must be regularly
changed to be regenerated. During this operation, the old bag of active carbon is removed and a new fresh one is
introduced. During this operation, it may happen that the operator removes the old bag but forgets to introduce the new
one. This error can be emphasised by the fact that the smoke filter can comprise a combination of several different
filters, all of them requiring a different cleaning treatment.

[0008] In the case of an active carbon filter, the absence of the active carbon bag inside the filter does not prevent the
roasting operation, as the roasting emissions can freely flow through, and the operator will not realise that the smoke is
not treated before several roasting operations are implemented, when malodorous smells will appear, which is not
desired in a shop, coffee or restaurant.

[0009] From e.g. WO2020/112951A1 and WO2007/038113A1 A1 coffee roasting systems with a smoke treating unit
comprising a filter are known.

Summary of the invention

[0010] An object of the invention is to address the above existing problem or similar problems.

[0011] In particular, an object of the invention is to address the problem of informing the operator that a part of the
smoke filter such as the active carbon bag is absent.

[0012] It would be advantageous to provide a method to enable the roasting operator to be informed of the absence
of a part of the smoke filter without adding sensors specific to that part.

[0013] In a first aspect there is provided a method to check a roasting system, said system comprising

- atleast one roasting apparatus, said apparatus producing smoke during the heating of coffee beans, and

- atleast one smoke treating unit configured to treat at least a part of the flow of smoke produced by the at least one
roasting apparatus, said smoke treating unit comprising at least one removable filtering device,

- asmoke driver configured to drive smoke from the roasting apparatus to said at least one filtering device,

wherein the at least one smoke treating unit comprises at least one couple of a first and a second temperature
sensors, the first temperature sensor being configured to measure the temperature T, of the flow of smoke upstream
said removable filtering device and the second temperature sensor configured to measure the temperature T, of
the flow of smoke downstream said removable filtering device,
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wherein the method comprises the steps of:

- operating the roasting apparatus in order to produce hot gas,

- monitoring the first and the second temperatures measured by one of the couples of a first and a second
temperature sensors during at least a period of time of said operation,

- observing the difference of behaviours of the monitored temperatures along time,

- comparing said observed difference of behaviours to a predetermined difference of behaviours corresponding
to the presence of said at least one removable filtering device between the two temperature sensors,

- if the observed difference of behaviours diverges from the predetermined difference of behaviours, then dis-
playing an alarm.

[0014] The objective of the method is to check a roasting system is working properly and in particular to check that
the smoke treating unit is working properly, precisely to check that no removable filtering device of the smoke treating
unit is missing.

[0015] This roasting system, in which the method is applied, comprises two types of apparatuses : first, the roasting
apparatus in which beans are heated to be roasted and, secondly, the smoke treating unit configured to treat the smoke
generated inside the first roasting apparatus during the roasting of the coffee beans.

[0016] The two apparatuses can be sub-parts of one single main system or alternatively, the two apparatuses can be
conceived as separated modules cooperating together during the process of roasting.

[0017] Asdescribed below, the system can comprise several roasting apparatuses and/or several smoke treating units.
[0018] Any type of roasting apparatus can be used. In the roasting apparatus, coffee beans are heated and preferably
mixed to homogenise heating through the beans. Accordingly the roasting apparatus comprises a chamber to hold the
beans and heating means to heat the coffee beans.

[0019] The heating means can be a burner (meaning combustion) fed by natural gas, liquefied petroleum gas (LPG)
or even wood. Alternatively the heating means can be an electrical resistor, a ceramic heater, a halogen source, a source
of infrared or of microwaves.

[0020] Preferably the heating means is electrically powered so that the air contaminants produced during the roasting
are contaminants generated from the heating of coffee beans themselves only and not from the burning of gases as it
happens when the heating means is a gas burner using natural gas, propane, liquefied petroleum gas (LPG) or even wood.
[0021] The mixing of the beans during the roasting operation can be obtained with a fluidic bed of hot air or mechanically
with stirring blades or a rotating drum.

[0022] Preferably the roasting apparatus is hot air fluid bed chamber. Within such a chamber, heated air is forced
through a screen or a perforated plate under the coffee beans with sufficient force to lift the beans. Heat is transferred
to the beans as they tumble and circulate within this fluidized bed.

[0023] Alternatively the roasting apparatus can be a drum chamber wherein the coffee beans are tumbled in a heated
environment. The drum chamber can consist of a drum rotating along a horizontal axis or the drum chamber can comprise
stirring blades to tumble the coffee beans in a heated environment.

[0024] The roasting apparatus comprises an outlet from which smoke produced during the roasting operation can be
evacuated.

[0025] In one embodiment, the system can comprise several roasting apparatuses, the outlets of these different
roasting apparatuses being configured to be mixed together before being treated by one or several smoke treating units.
[0026] Generally, the smoke treating unit of the system comprises a smoke inlet configured to cooperate with this
smoke outlet of the roasting apparatus and to collect smoke through this smoke inlet.

[0027] The smoke treating unit treats the smoke in order to reduce or eliminate harmful contaminants the smoke
contains. The smoke treating unit comprises at least one filtering device configured to destroy or trap contaminants.
This unit can comprise :

- atleast one active treating filter that destroys contaminants inside the apparatus, such as an afterburner enabling
thermal oxidation of contaminants or a catalytic afterburner,
or

- at least one passive treating filter that retains contaminants inside the apparatus like mechanical filters (metallic
sieves, a high efficiency particulate accumulator (HEPA) or paper filter), an active carbon filter or other adsorbent
filter, or an electrostatic precipitator,

or a combination of the above units.

[0028] Usually, the smoke treating unit comprises at least one removable filtering that is cleanable, disposable or able
the be regenerated, preferably comprised in the list of : a metallic sieve, an electrostatic precipitator, a HEPA filter, a
paper filter, cotton, cloth, an adsorbent material filter and combinations thereof.
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[0029] These types of filtering devices are removable from the smoke treating unit to be cleaned or disposed and
replaced by new filters. It is particularly the case for the passive treating filters :

- metallic sieves and plates of electrostatic precipitators are removed to be washed and then re-installed inside the
smoke treating unit,

- HEPA, paper, cotton, cloth filters are removed to be disposed and new papers are installed inside the smoke treating
unit,

- bags of adsorbent materials are removed from the active carbon filter to be regenerated and new bags are installed
inside the smoke treating unit.

[0030] When the smoke treating unit comprises several filtering devices, they are usually positioned in series along
the direction of the flow of smoke. Usually, devices for filtering particulate matters (PMs) are positioned upstream the
devices for filtering volatile organic compounds (VOCs).

[0031] In one preferred embodiment the smoke treating unit can comprise at least one adsorbent filter, preferably an
active carbon. This type of filter adsorbs VOCs. This filter requires specific operating conditions in terms of temperature
and for this reason a temperature sensor is frequently positioned close to this filtering device.

[0032] The active carbon filter comprises a removable active carbon bag. This bag contains the active carbon that
adsorbs VOCs and this bag must be removed when the active carbon has reached its maximal adsorption capacity and
replaced by a fresh active carbon holder. Usually the bag is made of a material that enables the smoke to flow through
but retains the active carbon that is usually under the form of granules. The removable bag is positioned inside a dedicated
area of the smoke filtering unit.

[0033] The smoke is driven inside the smoke treating unit and the filtering devices by means of a smoke driver
configured to circulate smoke through the smoke treating unit from the smoke collecting device to an outlet of the smoke
treating unit. At the outlet, the smoke can be safely released inside the atmosphere of a room since the contaminants
have been trapped.

[0034] The smoke driver is usually a fan driving the smoke to the outlet.

[0035] Generally the smoke driver is part of the smoke treating unit. Preferably it is a fan positioned next to the outlet
of the smoke treating unit. As a result, the fan is not contaminated by the non-treated smoke and its maintenance is easier.
[0036] Alternatively, the smoke driver can be positioned outside the smoke treating unit ; then the driver and the unit
are connected through ducts.

[0037] Alternatively, the smoke driver can be the fan of the roasting apparatus that pushes the smoke in direction the
smoke treating unit.

[0038] The smoke treating unit comprises at least one couple of a first and a second temperature sensors. The first
temperature sensor is configured to measure the temperature T of the flow of smoke upstream at least one of the
removable filtering devices and the second temperature sensor is configured to measure the temperature T, of the flow
of smoke downstream said removable filtering device.

[0039] The terms "downstream" and "upstream" are understood according to the flow of smoke through the smoke
treating unit and the filtering device.

[0040] The temperature sensors can be any sensor configured to measure a temperature. This sensor can be con-
figured for the measure of temperature only or this sensor can be a multi-sensor component able to measure various
other parameters than temperature like humidity, pressure, VOCs content. Examples of such sensors are air or gas
Sensors.

[0041] In order to check the roasting system and in particular the presence, by default the absence, of a removable
filtering device, the method comprises the steps of:

- operating the roasting apparatus in order to produce hot gas,

- observing the difference of behaviours of the monitored temperatures along time,

- comparing said observed difference of behaviours to a predetermined difference of behaviours corresponding to
the presence of said at least one removable filtering device between the two temperature sensors,

- ifthe observed difference of behaviours diverges from the predetermined difference of behaviours, then displaying
an alarm.

[0042] It has been observed that when the hot smoke of the roasting apparatus or any other hot gas, in particular hot
air, is passed through one filtering device, the second temperature T, measured at the second temperature sensor just
downstream this filtering device increases far slower than the first temperature T, measured at the fist temperature T,
just upstream this filtering device ; it is due to the absorption of the heat energy of the smoke by the filtering device, this
one acting as a thermal buffer. On the contrary, when the filtering device is not present, the temperatures monitored at
the two sensors increase in a very similar manner almost at the same moment, the smoke traversing rapidly the empty
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space between the two temperature sensors.

[0043] Consequently, if similar behaviours of the monitored temperatures T, and T, are observed, the risk the remov-
able filtering device is not present between the two temperature sensors of the couple is high and an alarm can be
displayed to request the operator to check the presence of the filtering device inside the smoke treating unit once the
roasting operation is stopped.

[0044] In the case where several filtering devices are present between the two sensors of the same couple of tem-
perature sensors, if only one of these several filtering devices is absent, then the two temperatures measured at the two
sensors may not increase rapidly in a very similar manner (in particular if there is still a filtering device that is able to
create a thermal buffer for heating energy between the temperature sensors), yet, the difference of behaviours of the
temperatures do still deviate from the difference of behaviours of the temperatures when all the filtering devices are
present. In that situation, the deviation of the difference of behaviours from the predetermined difference of behaviours,
that corresponds to the normal presence of all removable filtering device between the two temperature sensors, is the
sign that at least one filtering device may be missing and an alert can be displayed.

[0045] Consequently, the present method enables the detection of a missing removable filtering device inside the
smoke treating unit and can alert the operator.

[0046] The step of operating the roasting apparatus in order to produce hot gas can be a coffee beans roasting
operation, an operation of pre-warming of the roasting apparatus or an operation of initialization of the filtering device.
[0047] Whatever the operation, hot gas is produced by operating the heating means of the roasting apparatus. If coffee
beans are present in the chamber, the hot gas will be the smoke produced by the heating of the beans. If no coffee
beans are present in the chamber, the hot gas will be hot air. That can happen during an operation of pre-warming of
the roasting system or an operation of initialization of the filtering device when this filtering device is introduced for the
first time in the smoke treating unit, for example after a maintenance or replacement operation. Usually, when the method
is applied while operating a coffee beans roasting operation, this roasting operation is the first operation after a main-
tenance operation of the smoke treating unit, preferably maintenance of the at least one filtering device.

[0048] Indeed, itis important to know from the first operation implemented after a cleaning or maintenance operation
of the smoke treating unit that at least one of the filtering devices is absent.

[0049] In addition, the method is all the more efficient if the smoke treating unit is at ambient temperature at the
beginning of the step of monitoring the temperatures T, and T,. The operator can be immediately informed of the absence
of a part of the filtering device and can be prevented from launching a new roasting operation without having checked,
and if necessary re-installed, the filtering device inside the smoke filtering unit.

[0050] Usually, in the method, the pre-determined difference of behaviours is set according to the nature of the at
least one removable filtering device positioned between the first and the second temperature sensors of the couple.
[0051] As mentioned above, filtering devices can be of various natures in terms of design and materials (simple and
thin metallic sieve, large bag of material adsorbent, metallic electrode plates of electrostatic precipitator, ...) with the
effect of retaining the flow of smoke differently and presenting different heat capacity. Accordingly, to determine if the
filtering device(s) designed for the smoke filtering device is/are present between the temperature sensors, the method
is applied in reference n to the pre-determined difference of behaviours corresponding to that filtering device(s).
[0052] The predetermined difference of behaviours corresponding to the presence the removabile filtering device(s)
between the two temperature sensors can be predetermined by experimentations during roasting operations. Machine
learning can also be applied based on these experimentations.

[0053] In one preferred embodiment, different predetermined differences of behaviours are predetermined depending
on the type of roasting operations implemented in the roaster.

[0054] By type of roasting operation, it is meant the type of temperature profile versus time applied to the beans in the
roasting apparatus. In a high level approach, three general types of roasting operations can be defined corresponding
to three usual levels of roasting of the coffee beans that are light, medium or dark. These three types of roasting operation
differ by their time length and the level of temperature at the end of the operations, the dark level roasting being obtained
for the longer time at the higher final temperature, whereas the light level roasting is obtained for the shortest time at
the lower final temperature. In a more precise approach, the precise type of temperature profile versus time applied to
the beans can be taken into account. By observing the difference of behaviours of the monitored temperatures T4, T,
during each of these different roasting operations and with the smoke treating unit fully operable, the normal difference
of behaviours of said temperatures can be measured and predetermined.

[0055] Preferably, the pre-determined threshold depend on the type of the at least one removable filtering device. This
selection can be implemented during a step of configuration of the system and in particular of the smoke treating unit.
Depending on the type of removable filtering device present inside the smoke filtering device, for example the nature of
the adsorbent material or the size of the bag of adsorbent material, the threshold can be modified accordingly. A setting
menu in the user interface of the system can enable the input of the type of removable filtering device and the selection
of a corresponding pre-determined threshold stored in the memory of the process control of the system or remotely
accessible from a server.
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[0056] The difference of behaviours of the monitored temperatures T,, T, can be of different types.
[0057] In one simplest mode of the method :

- inthe step of observing the difference of behaviours of the monitored temperatures, the difference AT between said
temperatures (T4, T,) is calculated at at least one time t; after the beginning of the operation, and

-  if said difference AT is inferior to a pre-determined temperature threshold ATO, associated to that time t,, then the
alarm is displayed.

[0058] Inthis method, the difference of behaviours is observed at atleast one time ty through the difference AT between
said temperatures and by comparison of said difference AT with a pre-determined temperature threshold AT,
[0059] In another preferred mode,

R;
- in the step of observing the behaviours of the monitored temperatures, the ratio Ry of the rate of rise of the first
dTy
R1= —
measured temperature dt ata predefined time ty and the rate of rise of the second measured temperature

R2 = —
dt at said predefined time t; since the beginning of the operation is calculated, and

R>
- ifsaid ratio R1 is inferiortoa pre-determined threshold R,,4, then the alarm is displayed.

[0060] In general, compared to the simple difference of temperatures, the rates of rise present the advantage of being
less prone to environmental conditions, to the roasting profile applied to the coffee beans during the roasting operation
or even to the fact that some previous roasting operations have already heated the filtering device. Another advantage
is that the analysis of the rate of rise enables an earlier detection of the missing filtering device and the roasting operation
can be stopped immediately before the peak of VOCs and PMs appear.

[0061] When the step of operating the roasting apparatus in order to produce hot gas is a coffee beans roasting
operation, then preferably, the rates of rise (R1, R2) are calculated at a time that is before the time the peak of emissions
of VOCs and PMs of the beans happens.

[0062] This moment can vary depending on the type of beans roasted in the roasting apparatus such a green beans
or partially pre-roasted beans that is beans having been obtained by heating green coffee beans and stopping said
heating process before the end of the first crack. Advantageously, the roasting can even be stopped and re-started after
installation of the missing filtering device.

[0063] Inone preferred embodiment, the firsttemperature sensor of a couple is positioned just upstream one removable
filtering device and the second temperature sensor of said couple is positioned just downstream said removable filtering
device according to the flow of smoke or hot gas.

[0064] This embodiment provides precise information about the removable filtering device placed between the two
temperature sensors of the couple, for example one active carbon filter comprising one removable bag of active carbon.

R,
[0065] In this preferred embodiment, preferably the ratio Ry of the rate of rise of the first measured temperature
dT, art,
Ri = — 5 = —2
dt at a predefined time to and the rate of rise of the second measured temperature dt at said

predefined time t; is calculated from the beginning of the roasting operation, and
R;

- if the ratio Ry is close to 1, preferably superior to a pre-determined threshold, said threshold being inferior to 1,
then the alarm is displayed.

R,

[0066] A ratio Ry that s a little bit inferior to 1 corresponds to a ratio close to 1 since the flow smoke or hot gas always
reaches the second temperature after the first temperature sensor. A ratio close to 1 reflects the fact that the flow of
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smoke is not retained inside the filtering device due to the absence of the latter. Accordingly, the value of 1 can be set
by default and the term "close" can be defined according to the configuration of the smoke treating unit and the positions
of the temperature sensors.

R,

[0067] In one preferred embodiment, if the ratio Ry s superior to a pre-determined threshold, said threshold being
inferior to 1, during the beginning of the operation, then the alarm is displayed.

R;
R
[0068] Usually the pre-determined threshold, to which the ratio Lis compared, is set based on experimental data.
This threshold is usually linked to the type of smoke filtering unit, the presence of other types of filters inside the unit, in
particular upstream, the internal design of the smoke treating unit and the filtering device.

[0069] In a particular embodiment of this preferred embodiment, the smoke treating unit can comprise:

- several removabile filtering devices, said filtering devices being positioned in series according to the direction of the
flow of smoke inside the smoke treating unit, and

- several couples of a first and a second temperature sensors, each couple being associated to one dedicated re-
movable filtering device, the first temperature sensor of said couple being positioned just before said dedicated
removable filtering device and the second temperature sensor of said couple being positioned just after said dedicated
removable filtering device according to the direction of the flow of smoke or hot gas.

[0070] Accordingly, precise information can be obtained about these filtering devices with dedicated couples of sensors,
for example two different active carbon filters.
[0071] In another embodiment:

- the smoke treating unit can comprise several removabile filtering devices, said filtering devices being positioned in
series according to the direction of the flow of smoke inside the smoke treating unit, and
- for at least one couple of temperature sensors :

. the first temperature sensor is positioned to measure the temperature T, of the flow of smoke upstream at
least two removabile filtering devices, and

. the second temperature sensor is positioned to measure the temperature T, of the flow of smoke downstream
said at least two removabile filtering devices.

[0072] With this embodiment, one couple of temperature sensors can be used to provide global information about all
the filtering devices positioned between each sensor of this couple. For example, the first sensor can be positioned at
the inlet of the smoke treating unit and the second sensor can be positioned at the outlet of the smoke treating unit.
[0073] In another embodiment, the system can comprise :

- several smoke treating units, each of said smoke treating units being configured to conduct and treat at least a part
of the smoke through a dedicated path, and

- aninlet ducting device to guide smoke emitted by the at least one roasting apparatus to at least one of the smoke
treating units,

- an outlet ducting device to guide smoke treated by the smoke treating units to an outlet of the system, and

- for at least one couple of temperature sensors :

. the first temperature sensor is positioned to measure the temperature T, of the flow of smoke upstream said
inlet ducting device, and

- the second temperature sensor is positioned to measure the temperature T, of the flow of smoke downstream
said outlet ducting device.

[0074] Within this embodiment, the system comprises several smoke treating units able to treat the smoke of at least
one roasting apparatus. Each smoke treating unit defines a specific path for smoke, usually define by ducting means.
One couple of temperature sensors can be used to provide global information about all the smoke treating units positioned
between each sensor of this couple.

[0075] In a second aspect, there is provided a system for roasting coffee beans, said system comprising :
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- atleast one roasting apparatus, and
- atleast one smoke treating unit configured to treat at least a part of the flow of smoke produced by the at least one
roasting apparatus, said smoke treating unit comprising :

. at least one removabile filtering device, and

. atleast one couple of a first and a second temperature sensors, the first temperature sensor being configured
to measure the temperature T, of the flow of smoke upstream said removable filtering device and the second
temperature sensor configured to measure the temperature T, of the flow of smoke downstream said removable
filtering device, and

- asmoke driver configured to drive smoke produced by the roasting apparatus through the smoke treating unit,
- acontrol system operable to perform the method such as described above.

[0076] Preferably, the roasting apparatus can comprise a display unit in order to display the alarm which can be visual
and/or a sound.

[0077] Preferably, the smoke treating unit comprises at least one the removable filtering device that is cleanable,
disposable or able the be regenerated, preferably comprised in the list of : a metallic sieve, an electrostatic precipitator,
a HEPA filter, paper, cloth and/or cotton filter, an adsorbent material filter and combinations thereof.

[0078] Preferably, the smoke filtering sub-unit comprises successively, according to the direction of the flow of the
smoke inside the smoke treating unit, at least one filter to remove particulate matters and then an electrostatic precipitator
and then the active carbon filter. This order prevents the active carbon filter from being clogged by particulate matters.
[0079] The smoke driver is generally a fan driving the smoke to the outlet.

[0080] Preferablythe fanis positioned nexttothe outlet of the smoke treating unit. As aresult, the fan is not contaminated
by the non-treated smoke and its maintenance is easier.

[0081] According to one preferred embodiment, the smoke filtering sub-unit comprises at least successively :

- ametallic mesh, then
- an electrostatic precipitator, and then
- the active carbon filter according to the movement of the flow of the smoke inside the smoke treating unit.

[0082] Preferably within this embodiment, the active carbon filter is positioned physically above the electrostatic pre-
cipitator. Accordingly, the smoke is introduced upwardly through the successive devices.

[0083] Depending on the integration of the roasting apparatus and the smoke treating unit, the control system can be
shared between both apparatuses and the steps of the method can be shared between the processing units of at least
these two apparatuses.

[0084] In one embodiment, the method can be executed by the processing unit of the roasting apparatus and by the
processing unit of the smoke treating unit, both processing units communicating together. In particular:

- the processing unit of the smoke treating unit can implement the steps of:
. monitoring the first and the second temperatures,
. observing and comparing the observed difference of behaviours to a predetermined difference of behaviours,
. if necessary ordering the display of an alarm to the roasting apparatus,

- the processing unit of the roasting apparatus can implement the steps of:

. operating the roasting apparatus in order to produce hot gas,
. displaying the cleaning alarm.

[0085] In another embodiment,
- the processing unit of the smoke treating unit can implement the steps of:

. monitoring the first and the second temperatures,
. communicating the values of said monitored temperatures to the roasting apparatus, and

- the processing unit of the roasting apparatus can implement the steps of:



10

15

20

25

30

35

40

45

50

55

EP 4 266 906 B1

. operating the roasting apparatus in order to produce hot gas,
. observing and comparing the observed difference of behaviours to a predetermined difference of behaviours,
. if necessary displaying the cleaning alarm.

[0086] In another embodiment, the processing unit of the smoke treating unit can implement all the steps, except the
operation of the roasting apparatus in order to produce hot gas, after receiving information that said operation is starting
from the roasting apparatus.

[0087] Preferably, the roasting apparatus can comprise a display unit in order to display the alarm. Alternatively, the
smoke treating unit can comprise a device to display the alarm such as a lighting button and/or a sound and/or a voice
message.

[0088] In another alternative, the control system can be configured to display the alarm on a mobile device in com-
munication with the system.

[0089] In a third aspect, there is provided a computer program comprising instructions to cause the above system to
perform the method such as described above.

[0090] In one embodiment, the computer program can be executed by the processing unit of the roasting apparatus
and by the processing unit of the smoke treating unit, both processing units communicating together.

[0091] In particular:

- the processing unit of smoke treating unit can implement the steps of:

. comparing the behaviours of the first and the second temperatures, and
. if necessary ordering the display of an alarm to the roasting apparatus,

- the processing unit of the roasting apparatus can implement the steps of:

. operating the roasting apparatus in order to produce hot gas,
. displaying the alarm.

[0092] In another embodiment,
- the processing unit of the smoke treating unit can implement the steps of:

. monitoring the first and the second temperatures,
. communicating the values of said monitored temperatures to the roasting apparatus, and

- the processing unit of the roasting apparatus can implement the steps of:

. operating the roasting apparatus in order to produce hot gas,
. observing and comparing the observed difference of behaviours to a predetermined difference of behaviours,
. if necessary displaying the cleaning alarm.

[0093] In another embodiment, the processing unit of the smoke treating unit can implement all the steps, except the
operation of the roasting apparatus in order to produce hot gas, after receiving information that said operation is starting
from the roasting apparatus.

[0094] In a fourth aspect, there is provided a computer readable storage medium having stored thereon the above
computer program.

[0095] In the present application, the term "several" means at least two.

[0096] The invention is defined by the claims. Embodiments of the invention are illustrated and described as follows.

Brief description of the drawings

[0097] Specific embodiments of the invention are now described further, by way of example, with reference to the
following drawings in which :

- Figure 1is aview of a system according to the present invention illustrating the path of the smoke through the system,
- Figure 2 illustrates the active carbon filter of the smoke treating unit of Figure 1,

- Figure 3 shows a block diagram of a control system of the system according to Figures 1 and 2,

- Figures 4A and 4B illustrate the evolution of monitored temperatures T1 and T2 during a roasting operation with the
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active carbon holder present or not,
- Figures 5 and 6 illustrate alternative systems to the one illustrated in Figure 1,

- Figure 7 illustrates a system of several roasting apparatuses and smoke treating units according to the invention.

Detailed description of exemplary embodiments

System for roasting

[0098] Figure 1showsanillustrative view of a system of aroasting apparatus 1 and a smoke treating unit 2. Functionally,
the roasting apparatus is operable to roast coffee beans and the smoke treating unit is operable to treat the smoke
generated during roasting by the roasting apparatus.

Roasting apparatus

[0099] The roasting apparatus 1 is operable to receive and roast coffee beans inside a roasting chamber 12.

[0100] Preferably, the roasting apparatus 1 comprises a roasting chamber 12 in which a flow of hot air is introduced
to agitate and heat the beans. The hot air flow is usually produced by an air flow driver and a heater. These devices are
positioned below the roasting chamber and introduce the flow of hot air through the bottom of the chamber. In the
illustrated figure, the bottom of the chamber is configured to enable air to pass through, specifically it can be a perforated
plate on which the beans can lie and through which air can flow upwardly.

[0101] The air flow driver is operable to generate a flow of air upwardly in direction of the bottom of the vessel. The
generated flow is configured to heat the beans and to agitate and lift the beans. As a result, the beans are homogenously
heated. Specifically, the air flow driver can be a fan powered by a motor. Air inlets can be provided inside the base of
the housing in order to feed air inside the housing, the air flow driver blowing this air in direction of the chamber 12.
[0102] The heater is operable to heat the flow of air generated by the air flow driver. Preferably, the heater is an
electrical resistance positioned between the fan and the perforated plate with the result that the flow of air is heated
before it enters the chamber 12 to heat and to lift the beans. The heater and/or the fan are operable to apply a roasting
profile to the beans, this roasting profile being defined as a curve of temperature against time.

[0103] Preferably, the roasting apparatus comprises a user interface 13 enabling :

- theinput of information about the roasting, in particular the quantity of beans introduced inside the roasting chamber
and the desired level of roasting, and the output of information about the roasting operation (status, temperature,
time) and

- preferably about the output of information about the smoke treating unit 2 in particular about the cleaning of the
electrostatic precipitator 222.

[0104] The roasting of the beans generates a smoke that is driven to the top opening 121 of the roasting chamber
due to the flow of air generated by the air flow driver and as illustrated by arrow S1 in Figure 1.

[0105] Generally a chaff collector is in flow communication with the top opening 121 of the chamber to receive chaffs
that have progressively separated from the beans during roasting and due to their light density are blown off to the chaff
collector.

[0106] The rest of the smoke is evacuated through the smoke outlet 11 at the top of the roasting apparatus.

Smoke treating unit

[0107] The smoke treating unit 2 is operable to receive and treat the smoke S1 emitted at the smoke outlet 11 of the
roasting apparatus.

[0108] First, the smoke treating unit 2 comprises a smoke collecting device 21 adapted to collect the smoke. This
smoke collecting device 21 or collecting device forms an internal void space or duct guiding the smoke (dotted lines S1,
S2, S3) from the outlet 11 of the roasting apparatus in direction of the filtering devices of the smoke filtering sub-unit 22.
[0109] The smoke filtering sub-unit 22 comprises an active carbon filter 221 adapted to remove VOCs from the smoke.
[0110] Figure 2 illustrates the main components of this active carbon filter 221. The filter comprises a box 2212
configured to hold the adsorbent material, that is preferably active carbon. Since this adsorbent is usually in the form of
granules, the adsorbent is hold in a holder 2211 of which wall enables smoke to pass through freely. Usually this holder
is a bag of plastic mesh. The top and bottom walls of the box are simple grids enabling the smoke to pass through freely
while retaining the holder inside the box. The box 221 is removeable from the smoke filtering unit for maintenance. A
handle on one side wall enables the operator to withdraw the box. Once removed from the unit, the cover 2213 can be
removed to get access to the active carbon holder 2211.
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[0111] The maintenance operation of the active carbon filter consists in replacing the holder 2211 by a new one. When
the adsorbent material has reached its maximum capacity of adsorption, the material must be removed to be regenerated.
Regeneration cannot be realised on-site. Consequently, the old holder is replaced by a fresh one.

[0112] During this maintenance operation, the operator can forget to re-introduce a new holder inside the box before
repositioning the box in the unit.

[0113] In the particularly illustrated embodiment, the smoke filtering sub-unit 22 can comprise :

- adevice 223 adapted for filtering large particulate matter like PM 10, for example a metallic mesh and an associated
diffuser, generally a metallic grid positioned in front (that is upstream) of the mesh.
- an electrostatic precipitator 222 adapted for filtering small particulate matter.

[0114] Preferably, the device for removing particulate matter is positioned upstream the active carbon filter. This
upstream position guarantees that particulate matters do not foul the active carbon filter.

[0115] Physically, the electrostatic precipitator is positioned below the active carbon filter to avoid that particulates fall
from the electrostatic precipitator on the active carbon filter when the electrostatic precipitator is switched off.

[0116] The smoke filtering sub-unit 22 comprises a smoke driver 23, generally a fan, for sucking the contaminated
smoke from the inlet 211 of the collecting device through the smoke filtering sub-unit 22, where it is treated, to the outlet
25 of the smoke filtering sub-unit 22, where it is dispensed in ambient atmosphere safely.

[0117] The smoke filtering sub-unit 22 comprises two temperature sensors 24 and 26 positioned just upstream and
just downstream the active carbon filter respectively and configured to measure the temperature of the smoke. In par-
ticular, the sensor 26 is a multi-component gas sensor able to measure pressure, temperature and VOCs composition
of a gas. Itis usually used to analyse the safety of the gas dispensed out of the smoke treating unit, in particular when
the gas is dispensed in a public room. The temperature sensor 24 is usually used to control that the temperature of the
smoke passing through the active carbon filter 221 is not too high. These two existing sensors can be used to apply the
method of the present invention as described below.

Control System of the system of the roasting apparatus and the smoke treating unit

[0118] With reference to Figures 1, 2 and 3, the control system 3 will now be considered : the control system 3 is
operable to control the smoke filtering unit 2.

[0119] Depending on the level of integration of the roasting apparatus 1 and the smoke filtering unit 2, the control
system can be shared between the processing units of these two apparatuses :

- if the smoke treating unit 2 is part of the roasting apparatus 1, usually the processing unit of the roasting apparatus
is the master and the processing unit of the filter is the slave.

- if the roasting apparatus 1 and the smoke treating unit 2 form two different apparatuses, each of them with its own
processing unit, then these processing units can be configured to communicate to implement the method.

[0120] Figure 3 illustrates the control system of the smoke filtering unit 2 of Figure 1.

[0121] The control system 3 typically comprises at a second level of smoke filtering unit 2 : a processing unit 30, a
power supply 33, a memory unit 31, optionally a communication interface 32 for remote connection.

[0122] The processing unit 30 is configured to output feedback to the user interface 13 of the roasting apparatus in
particular to display an alarm related to the detection of the absence of active carbon filter holder inside the active carbon
filter. In an alternative configuration, the some treating unit 2 can comprise its own user interface to display this information,
for example lighting buttons that can be lighted according to the presence or not of the holder.

[0123] The processing unit 30 may also display information to the user interface 13 about :

- cleaning instructions,

- reset of the alarm status
- warnings,

- error alarms.

[0124] The hardware of the user interface may comprise any suitable device(s), for example, the hardware comprises
one or more of the following : buttons, such as a joystick button, knob or press button, joystick, LEDs, graphic or character
LDCs, graphical screen with touch sensing and/or screen edge buttons. The user interface 20 can be formed as one
unit or a plurality of discrete units.

[0125] A part of the user interface can also be on a mobile app when the apparatus is provided with a communication
interface 32 as described below. In that case, at least a part of input and output can be transmitted to the mobile device
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through the communication interface 32.

[0126] The processing unit 30 generally comprises memory, input and output system components arranged as an
integrated circuit, typically as a microprocessor or a microcontroller. The processing unit 30 may comprise other suitable
integrated circuits, such as : an ASIC, a programmable logic device such as a PAL, CPLD, FPGA, PSoC, a system on
achip (SoC), an analogue integrated circuit, such as a controller. For such devices, where appropriate, the aforementioned
program code can be considered programmed logic or to additionally comprise programmed logic. The processing unit
30 may also comprise one or more of the aforementioned integrated circuits. An example of the later is several integrated
circuits arranged in communication with each other in a modular fashion e.g. : a slave integrated circuit to control the
smoke treating unit 2 in communication with a master integrated circuit to control the roasting apparatus 10, a slave
integrated circuit to control the user interface 13 in communication with a master integrated circuit to control the roasting
apparatus 10

The control system 30 can comprise a communication interface 32 for data communication of the system 10 with another
device and/or system, such as a server system, a mobile device. The communication interface 32 can be used to supply
and/or receive information related to the coffee beans roasting process, such as roasting process information, type of
the beans. The system can also receive information about the characteristics of the removabile filtering devices 221 part
of the smoke treating unit and in particular the characteristics of the refillable parts of these filtering devices such as the
active carbon bag 2211. Depending on the embodiment of the invention, predetermined difference of behaviours or pre-
determined threshold related to the use of specific removable filtering devices 221 can be downloaded remotely. Alter-
natively, such information can be inputted manually by the operator through the user interface. The communication
interface 32 may comprise first and second communication interface for data communication with several devices at
once or communication via different media.

[0127] The communication interface 32 can be configured for cabled media or wireless media or a combination thereof,
e.g. : a wired connection, such as RS-232, USB, 12C, Ethernet define by IEEE 802.3, a wireless connection, such as
wireless LAN (e.g. IEEE 802.11) or near field communication (NFC) or a cellular system such as GPRS or GSM. The
communication interface 32 interfaces with the processing unit 30, by means of a communication interface signal.
Generally the communication interface comprises a separate processing unit (examples of which are provided above)
to control communication hardware (e.g. an antenna) to interface with the master processing unit 30. However, less
complex configurations can be used e.g. a simple wired connection for serial communication directly with the processing
unit 30.

[0128] The power supply 33isoperable tosupply electrical energy to the said controlled components and the processing
unit 30. The power 33 may comprise various means, such as a battery or a unit to receive and condition a main electrical
supply.

[0129] The processing unit 30 generally comprises a memory unit 31 for storage of instructions as program code and
optionally data. To this end the memory unit typically comprises : a nonvolatile memory e.g. EPROM, EEPROM or Flash
for the storage of program code and operating parameters as instructions, volatile memory (RAM) for temporary data
storage. The memory unit may comprise separate and/or integrated (e.g. on a die of the semiconductor) memory. For
programmable logic devices the instructions can be stored as programmed logic. The instructions stored on the memory
unit 31 can be idealised as comprising a program to determine the presence of the active carbon filter in the smoke
treating unit of the system and the display of an alarm.

[0130] The processing unit 30 is configured to output the value of the temperatures T, and T, measured by the
temperature sensors 24 and 26.

[0131] During a roasting operation, the control system 3 is operable :

- to monitor the first and the second temperatures measured by one of the couples of a first and a second temperature
sensors during at least a period of time of the operation,

- to observe the difference of behaviours of the monitored temperatures along time,

- to compare said observed difference of behaviours to a predetermined difference of behaviours corresponding to
the presence of said filtering device between the two temperature sensors,

- if the observed difference of behaviours deviates from the predetermined difference of behaviours, then to display
an alarm.

[0132] Figures 4A and 4B illustrate the behaviours of the temperatures T4 and T, during the first coffee beans roasting
operation implemented after a maintenance operation of the active carbon filter. The time 0 represents the beginning of
the roasting operation.

[0133] In Figure 4A, the active carbon holder 2211 is present and it can be observed a discrepancy in the behaviours
of the temperatures T, and T, measured at each temperature sensors along the time of the roasting operation : the
temperature T, upstream the active carbon filter rises much more rapidly than the temperature T, downstream the filter.
It can be explained by the fact that the active carbon acts as a thermal buffer: thermal energy of the smoke is lost to
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heat up the active carbon.

[0134] On the contrary, in Figure 4B, it can be observed that, when the active carbon holder 2211 is absent, the
behaviours of the temperatures T, and T, along the time of the roasting operation are very similar and close one to the
other. This observed difference of behaviours of the two temperatures in Figure 4B, that deviates from the normal
difference of behaviours of the two temperatures in Figure 4A when the filter is in place, can be used to detect the fact
that the active carbon holder has not been placed inside the filter and to display a corresponding alarm. The difference
of behaviours between T, and T, as illustrated in Figure 4A corresponds to the difference of behaviours that is prede-
termined by experimentations during the normal roasting operation of coffee beans, preferably starting from a system
of a roasting apparatus and a smoke treating unit that is cold.

[0135] In one practical and simplest mode, the control system 3 is operable :

- to calculate the difference AT between said temperatures (T4, T,) at least one time t; after the beginning of the
operation, and

- todisplay an alarm if said difference AT is inferior to a pre-determined temperature threshold AT, associated to that
time t,,.

[0136] Based on the predetermined situation illustrated in Figure 4A, during a roasting operation launched just after
a recent maintenance operation such as the replacement of the active carbon filter holder 2211, the monitored temper-
atures are measured. The difference AT between said temperatures T, and T, can be calculated at a specific predeter-
mined time t; and if said difference is inferior to a corresponding pre-determined temperature threshold AT, then an
alarm is displayed urging the operator to check the presence of the filter inside the smoke treating unit.
[0137] Based on the illustrated Figures 4A and 4B, it appears that, at the times t' and t", each of the corresponding
differences AT’ and AT" between the monitored temperatures T, and T, in Figure 4B are inferior to the corresponding
differences AT’ and AT" between the monitored temperatures T, and T, in Figure 4A. By setting a pre-determined
temperature difference threshold AT at a corresponding time tg, the difference AT(t;) between temperatures T1 and T2
at that time ty can be compared to that threshold AT,
[0138] Preferably, the time t; is set a low as possible, while enabling the observation of a difference of temperatures.
For example, in the illustrated embodiment, the time t; can be set at 300 seconds.
[0139] The comparison of the difference of temperatures with the threshold AT, can take into account a certain margin
of error due to measure errors (position of the sensors, sensitivity of sensors)
[0140] The predefined parameters of time and associated difference of temperatures (t; ; AT) can be made adjustable
in the settings of the roasting system. The adjustment can be due to a change in the nature of the carbon filter (e.g. due
to a change in procurement of the adsorbent material), a too high or low sensitivity in the display of the alarm, an
improvement of the predetermination of the parameters further to a high number of experimentations in particular by
machine learning.
[0141] In one preferred mode, the control system 3 is operable :

Rz R aTy

1= —

- to calculate the ratio Ry of the rate of rise of the first measured temperature dt and the rate of rise of

dT,

2=
the second measured temperature dt atthe same predefined time tg, and
R;

- ifsaid ratio 1 is inferior to a pre-determined threshold R,,4, then the alarm is displayed.

[0142] For example, in a smoke filtering unit such as illustrated in Figure 1, a predetermined threshold R,/ was set
at 0,7 foratime of 300 seconds. The threshold at that time was selected to provide accurate determination of the absence
of the active carbon bag and to avoid false alerts for the operator.

Ry
[0143] Accordingly with a threshold set to 0,7, if the ratio Rq is superior to 0,7 at 300 seconds, the alarm is displayed.
Ry

[0144] In a similar manner as mentioned above, the predefined parameters of time and ratio (to ; Ry ) can be made
adjustable in the settings of the roasting system.

[0145] The rate of rise, frequently identified as RoR, is a common parameter deduced from monitored temperature in
roasting apparatuses. In the present method, rates of rises R1, R2 are calculated from each of the temperatures T4, T,
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monitored at the temperature sensors 24, 26.

[0146] Whatever the mode, in general the alarm urges the operator to check the presence of the active carbon filter
before any new roasting operation is implemented.

[0147] Although illustrated with an active carbon filter, this method can be implemented with other filtering devices in
a similar manner.

[0148] Figure 5 illustrates a system similar to the one illustrated in Figure 1 except that the first temperature sensor
24 is positioned upstream the PM filter 223. Accordingly, the couple of temperature sensors surround the three filtering
devices. If further to the maintenance and the removal of the filtering devices 221, 222, 223, one of them is not re-
installed inside the smoke treating unit and a roasting operation is launched, then the behaviors of the first and second
measured temperatures at the sensors 24 and 26 will be more similar than if the missing filtering device would have be
re-installed. Yet in that situation of this particular embodiment, due to the fact that at least two of the three filtering devices
are present, the similar behaviours of the temperatures will not be so straightforward as in the embodiment of Figure 1.
[0149] Inthe embodiment of Figure 5, the observed difference of behaviours between the monitored temperatures T,
and T, is compared to a predetermined difference of behaviours corresponding to the presence of the three removable
filtering devices 221, 222, and 223 positioned between the two temperature sensors.

[0150] These predetermined differences of behaviours is pre-established by experimentation on the system during
roasting operations, and preferably starting from a cold system.

[0151] If the observed difference of behaviours deviates from the predetermined difference of behaviours, then an
alarm is displayed an alarm can be displayed to draw the attention of the operator that one of the three filtering devices
221, 222, 223 may be missing. By opening the smoke treating unit, the operator can rapidly check that risk.

R,

[0152] In a particular mode, the deviation can be estimated by comparing the ratio Rq to a pre-determined threshold
corresponding to the absence of at least one of the removable filtering device.

[0153] As mentioned above, this pre-determined threshold can be stored in the memory 31 of the control system, it
can be updated if some of the filtering devices differ from the original setup (change in supply of removable filtering
devices for example of the nature or the quantity of adsorbent) either manual input through the user interface (either of
the system or of a mobile device) or through a remote server and the communication interface 32.

[0154] Figure 6 illustrates a system similar to the one illustrated in Figure 1 except that a third temperature sensor 27
is positioned upstream the PM filter 223.

[0155] Accordingly, it can be considered that the smoke treating unit 3 comprises at least two pairs of temperature
Sensors :

- one comprising sensors 24 and 26 and enabling the detection of the missing bag of active carbon as mentioned
above in relation with Figure 1, and

- one comprising sensors 24 and 27 and enabling the detection of the one of the electrostatic filter 222 and/or the
PM filter 223 positioned between these sensors. If further to the maintenance and removal of these filtering devices
222, 223, one of them is not re-installed inside the smoke treating unit and a roasting operation is launched, then
the behaviors of the first and second measured temperatures at the sensors 24 and 27 will be more similar than if
the missing filtering device would have be re-installed. The principle described for Figure 5 applies in the same
manner.

[0156] Figure 7 illustrates a system comprising several smoke treating units 3. Such a configuration can be adapted
to the treatment of an important volume of smoke, for example due to the roasting in two roasting apparatuses 1. The
smoke outlets of the roasting apparatuses are connected to an inlet ducting device 34 configured to guide smoke to at
least one of the smoke treating units 3. An outlet ducting device 35 is configured to guide smoke treated by the smoke
treating units 3 to an outlet of the system. Depending on the volume of emitted smoke, smoke can be sent to one, two
or three of the smoke treating units. The temperature sensors 24, 26 are positioned at the inlet and outlet ducting devices
and enable the detection of a missing filtering device in at least one of the smoke treating units 3 in a similar manner as
in Figure 5.

[0157] One advantage of the method is that it can be implemented with temperature sensors that are not specifically
dedicated to the implementation of that method. Temperature sensors positioned inside the smoke treating unit for other
process controls can be used additionally to provide information about the presence of an essential part of the smoke
treating unit after a maintenance operation. An error in re-installation can be detected with existing temperature sensors
rather than adding sensors specifically dedicated to the detection of the presence of a filtering device such as a sensor
establishing contact with the filter (such as a switch contact ), an optical sensor, a sensor able to read the field of a
magnetic element of the filter, an RFID device able to read an RFID tag of the filter.
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[0158] Although the invention has been described with reference to the above illustrated embodiments, it will be
appreciated that the invention as claimed is not limited in any way by these illustrated embodiments.

[0159] Variations and modifications may be made without departing from the scope of the invention as defined in the
claims. Furthermore, where known equivalents exist to specific features, such equivalents are incorporated as if specif-
ically referred in this specification.

[0160] As used in this specification, the words "comprises”, "comprising", and similar words, are not to be interpreted
in an exclusive or exhaustive sense. In other words, they are intended to mean "including, but not limited to".

List of references in the drawings :

[0161]
roasting apparatus 1
smokeoutlet 11
roasting chamber 12
top outlet 121
user interface 13
smoke treating unit 2
smoke collecting device 21
smoke filtering sub-unit 22
active carbon filter 221
active carbon holder 2211
box 2212
cover 2213
electrostatic precipitator 222
PM filter 223
smoke driver 23
outlet 25
temperature sensors 24,26,27
control system 3
processing unit 30
memory unit 31
communication interface 32
power supply 33
inlet ducting device 34
outlet ducting device 35
system 10
Claims

1. A method to check a roasting system (10), said system comprising :

- at least one roasting apparatus (2), said apparatus producing smoke during the heating of coffee beans, and
- at least one smoke treating unit (3) configured to treat at least a part of the flow of smoke produced by the at
least one roasting apparatus, said smoke treating unit comprising at least one removable filtering device (221,
222, 223),

-asmoke driver (23) configured to drive smoke from the roasting apparatus (2) to said at least one filtering device,
wherein the atleast one smoke treating unit (3) comprises at least one couple of a firstand a second temperature
sensors, the first temperature sensor (24) being configured to measure the temperature T, of the flow of smoke
upstream said at least one removable filtering device and the second temperature sensor (26) configured to
measure the temperature T, of the flow of smoke downstream said at least one removable filtering device,
wherein the method comprises the steps of:
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- operating the roasting apparatus in order to produce hot gas,

- monitoring the first and the second temperatures measured by one of the couples of a first and a second
temperature sensors during at least a period of time of said operation,

- observing the difference of behaviours of the monitored temperatures along time,

- comparing said observed difference of behaviours to a predetermined difference of behaviours corre-
sponding to the presence of said at least one removable filtering device between the two temperature
Sensors,

- if the observed difference of behaviours diverges from the predetermined difference of behaviours, then
displaying an alarm.

Method according to Claim 1, wherein the step of operating the roasting apparatus in order to produce hot gas is a
coffee beans roasting operation, an operation of pre-warming of the roasting apparatus or an operation of initialization
of at least one filtering device.

A method according to Claim 1 or 2, wherein the removable filtering device (221, 222, 223) is cleanable, disposable
or able the be regenerated, preferably comprised in the list of : a metallic sieve, an electrostatic precipitator, a HEPA
filter, paper, cloth and/or cotton filter, an adsorbent material filter and combinations thereof.

A method according to Claim 1 or 2, wherein the pre-determined difference of behaviours is selected according to
the nature of the at least one removable filtering device positioned between the first and the second temperature
sensors of the couple.

A method according to any one of the precedent claims, wherein :

- in the step of observing the difference of behaviours of the monitored temperatures, the difference AT between
said temperatures (T4, T,) is calculated at at least one time t; after the beginning of the operation, and

- if said difference AT is inferior to a pre-determined temperature threshold AT, associated to that time t; then
the alarm is displayed.

A method according to any one of Claims 1 to 4, wherein :
R;

- in the step of observing the behaviours of the monitored temperatures, the ratio Ry of the rate of rise of the
dTy

first measured temperature dt ata predefined time t; and the rate of rise of the second measured
dr,

2=—""
temperature dt atsaid predefined time t; is calculated, and
R;

- if said ratio 1 is inferior to a pre-determined threshold R,,4, then the alarm is displayed.

A method according to any one of the precedent claims, wherein the first temperature sensor (24) of a couple is
positioned just upstream one removable filtering device (221) and the second temperature sensor of said couple
(26) is positioned just downstream said removable filtering device (221) according to the flow of smoke.

A method according to the precedent claim, wherein said removeable filtering device is an adsorbent material filter,
said filter comprising a removable adsorbent material bag (2211), preferably an active carbon bag.

R,
A method according to Claims 7 or 8, wherein the ratio Ry of the rate of rise of the first measured temperature
dT, art,
Ri = — R = —2
dt ata predefined time t; and the rate of rise of the second measured temperature dt at said

predefined time ty is calculated, and
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R,

- if the ratio Ry is close to 4, preferably superior to a pre-determined threshold, and said threshold being inferior
to 1, then the alarm is displayed.

10. A method according to any one of the precedent claims, wherein the smoke treating unit (3) comprises :

- several removable filtering devices (221, 222, 223), said filtering devices being positioned in series according
to the direction of the flow of smoke inside the smoke treating unit, and

- several couples of a first and a second temperature sensors, wherein each couple is associated to one
dedicated removable filtering device, the first temperature sensor (24) of said couple being positioned just before
said dedicated removable filtering device (221) and the second temperature sensor of said couple (26) being
positioned just after said dedicated removable filtering device (221) according to the direction of the flow of smoke.

11. A method according to any one of Claims 1 to 7, wherein :

- the smoke treating unit (3) comprises several removable filtering devices (221, 222, 223), said filtering devices
being positioned in series according to the direction of the flow of smoke inside the smoke treating unit, and
- for at least one couple of temperature sensors :

.the firsttemperature sensor (24) is positioned to measure the temperature T, of the flow of smoke upstream
at least two removable filtering devices, and

. the second temperature sensor (26) is positioned to measure the temperature T, of the flow of smoke
downstream said at least two removable filtering devices.

12. A method according to any one of the precedent claims, wherein the system comprises :

- several smoke treating units (3), each of said smoke treating units being configured to conduct and treat at
least a part of the smoke through a dedicated path, and

- an inlet ducting device to guide smoke emitted by the at least one roasting apparatus to at least one of the
smoke treating units,

- an outlet ducting device to guide smoke treated by the smoke treating units to an outlet of the system, and

- for at least one couple of temperature sensors :

.the firsttemperature sensor (24) is positioned to measure the temperature T, of the flow of smoke upstream
said inlet ducting device, and

- the second temperature sensor (26) is positioned to measure the temperature T, of the flow of smoke
downstream said outlet ducting device.

13. A system (10) for roasting coffee beans, said system comprising :

- at least one roasting apparatus (2), and

- at least one smoke treating unit (3) configured to treat at least a part of the flow of smoke produced by the at
least one roasting apparatus, said smoke treating unit comprising :

.atleastoneremovable filtering device (221,222, 223), and atleast one couple of afirstand a second temperature
sensors, the first temperature sensor (24) being configured to measure the temperature T1 of the flow of smoke
upstream said removable filtering device and the second temperature sensor (26) configured to measure the
temperature T2 of the flow of smoke downstream said removable filtering device, and

- a smoke driver (23) configured to drive smoke produced by the roasting apparatus (2) through the smoke
treating unit,

- a control system (3) operable to perform the method of any one of Claims 1 to 12.

14. A computer program comprising instructions to cause the system of Claim 13 to perform the method of any one of

Claims 1 to 12.

15. A computer readable storage medium having stored thereon the computer program of Claim 14.
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Patentanspriiche

1.

Verfahren, um ein Rdstsystem (10) zu Uberpriifen, das System umfassend:

- mindestens eine Rdsteinrichtung (2), wobei die Einrichtung wahrend des Erhitzens von Kaffeebohnen Rauch
erzeugt, und

-mindestens eine Rauchbehandlungseinheit (3), die konfiguriertist, um mindestens einen Teil des Rauchstroms,
der durch die mindestens eine Rdsteinrichtung erzeugt wird, zu behandeln, die Rauchbehandlungseinheit um-
fassend mindestens eine entfernbare Filtervorrichtung (221, 222, 223),

- einen Rauchtreiber (23), der konfiguriert ist, um Rauch von der Rdsteinrichtung (2) zu der mindestens einen
Filtervorrichtung zu treiben,

wobei die mindestens eine Rauchbehandlungseinheit (3) mindestens ein Paar aus einem ersten und einem
zweiten Temperatursensor umfasst, wobei der erste Temperatursensor (24) konfiguriert ist, um die Temperatur
T, des Rauchstroms vorgeschaltet der mindestens einen entfernbaren Filtervorrichtung zu messen, und der
zweite Temperatursensor (26) konfiguriert ist, um die Temperatur T, des Rauchstroms nachgeschaltet der
mindestens einen entfernbaren Filtervorrichtung zu messen,

wobei das Verfahren die Schritte umfasst:

- Betreiben der Résteinrichtung, um HeilRgas zu erzeugen,

- Uberwachen der ersten und der zweiten Temperatur, die durch eines der Paare aus einem ersten und
einem zweiten Temperatursensor gemessen werden, wahrend mindestens einer Zeitspanne des Betriebs,
- Beobachten des Verhaltensunterschieds der Gberwachten Temperaturen im Laufe der Zeit,

- Vergleichen des beobachteten Verhaltensunterschieds mit einem zuvor bestimmten Verhaltensunter-
schied, der dem Vorhandensein der mindestens einen entfernbaren Filtervorrichtung zwischen den zwei
Temperatursensoren entspricht,

- falls der beobachtete Verhaltensunterschied von dem zuvor bestimmten Verhaltensunterschied abweicht,
dann Anzeigen eines Alarms.

Verfahren nach Anspruch 1, wobei der Schritt des Betreibens der Résteinrichtung, um HeilRgas zu erzeugen, ein
Kaffeebohnenrdstbetrieb, ein Betrieb eines Vorwarmens der Roésteinrichtung oder ein Betrieb einer Initialisierung
mindestens einer Filtervorrichtung ist.

Verfahren nach Anspruch 1 oder 2, wobei die entfernbare Filtervorrichtung (221, 222, 223) reinigbar, wegwerfbar
oder in der Lage ist, aufgearbeitet zu werden, vorzugsweise in der Liste enthalten ist von: einem Metallsieb, einem
elektrostatischen Abscheider, einem HEPA-Filter, einem Papier-, Stoff- und/oder Baumwollfilter, einem Filter aus
adsorbierendem Material und Kombinationen davon.

Verfahren nach Anspruch 1 oder 2, wobei der zuvor bestimmte Verhaltensunterschied gemaf der Art der mindestens
einen entfernbaren Filtervorrichtung, die zwischen dem ersten und dem zweiten Temperatursensor des Paars po-
sitioniert ist, ausgewahlt wird.

Verfahren nach einem der vorstehenden Anspriiche, wobei:
- in dem Schritt des Beobachtens des Verhaltensunterschieds der iberwachten Temperaturen, der Unterschied
AT zwischen den Temperaturen (T4, T,) zu mindestens einem Zeitpunkt t; nach dem Beginn des Betriebs
berechnet wird, und
- falls der Unterschied AT niedriger als ein zuvor bestimmter Temperaturschwellenwert AT, ist, der diesem
Zeitpunkt ty zugeordnet ist, dann der Alarm angezeigt wird.

Verfahren nach einem der Anspriiche 1 bis 4, wobei:

- in dem Schritt des Beobachtens der Verhalten der Gberwachten Temperaturen, das Verhaltnis Ri der An-

stiegsrate der ersten gemessenen Temperatur 1™ dt zu einem vordefinierten Zeitpunkt ty und der An-
_an
stiegsrate der zweiten gemessenen Temperatur 2 dt zu dem vordefinierten Zeitpunkt ty berechnet wird,

und
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Ry

-falls das Verhaltnis 1 niedriger als ein zuvor bestimmter Schwellenwert R,/ ist, dann der Alarm angezeigt wird.

Verfahren nach einem der vorstehenden Anspriiche, wobei der erste Temperatursensor (24) eines Paars knapp
vorgeschaltet einer entfernbaren Filtervorrichtung (221) positioniert ist und der zweite Temperatursensor des Paars
(26) knapp nachgeschaltet der entfernbaren Filtervorrichtung (221) gemaR dem Rauchstrom positioniert ist.

Verfahren nach dem vorstehenden Anspruch, wobei die entfernbare Filtervorrichtung ein Filter aus adsorbierendem
Material ist, der Filter umfassend einen entfernbaren Beutel (2211) aus adsorbierendem Material, vorzugsweise
einen Beutel aus Aktivkohle.

Ro

Verfahren nach Anspruch 7 oder 8, wobei das Verhaltnis ®1 der Anstiegsrate der ersten gemessenen Temperatur

dar.
Rl ==
dt  zy einem vordefinierten Zeitpunkt ty und der Anstiegsrate der zweiten gemessenen Temperatur
R, = &
2 dt zu dem vordefinierten Zeitpunkt t, berechnet wird, und

Ry

- falls das Verhaltnis 1 nahe 1, vorzugsweise hoher als ein zuvor bestimmter Schwellenwert, ist, und der
Schwellenwert niedriger als 1 ist, dann der Alarm angezeigt wird.

Einrichtung nach einem der vorstehenden Anspriiche, wobei die Rauchbehandlungseinheit (3) umfasst:

- mehrere entfernbare Filtervorrichtungen (221, 222, 223), wobei die Filtervorrichtungen gemaf der Richtung
des Rauchstroms innerhalb der Rauchbehandlungseinheit reihenweise positioniert sind, und

- mehrere Paare aus einem ersten und einem zweiten Temperatursensor, wobei jedes Paar einer speziellen
entfernbaren Filtervorrichtung zugeordnet ist, wobei der erste Temperatursensor (24) des Paars knapp vor der
speziellen entfernbaren Filtervorrichtung (221) positioniert ist und der zweite Temperatursensor des Paars (26)
knapp hinter der speziellen entfernbaren Filtervorrichtung (221) gemaf der Richtung des Rauchstroms positi-
oniert ist.

Verfahren nach einem der Anspriiche 1 bis 7, wobei:

- die Rauchbehandlungseinheit (3) mehrere entfernbare Filtervorrichtungen (221, 222, 223) umfasst, wobei die
Filtervorrichtungen geman der Richtung des Rauchstroms innerhalb der Rauchbehandlungseinheit reihenweise
positioniert sind, und

- fir mindestens ein Paar aus Temperatursensoren:

. der erste Temperatursensor (24) positioniert ist, um die Temperatur T, des Rauchstroms vorgeschaltet
mindestens zwei entfernbarer Filtervorrichtungen zu messen, und
.der zweite Temperatursensor (26) positioniert ist, um die Temperatur T, des Rauchstroms nachgeschaltet
der mindestens zwei entfernbaren Filtervorrichtungen zu messen.

Verfahren nach einem der vorstehenden Anspriiche, wobei das System umfasst:

- mehrere Rauchbehandlungseinheiten (3), wobei jede der Rauchbehandlungseinheiten konfiguriert ist, um
mindestens einen Teil des Rauchs Uber einen speziellen Weg zu leiten und behandeln, und

- eine Einlassleitungsvorrichtung, um den Rauch, der durch die mindestens eine Rdsteinrichtung abgegeben
wird, zu mindestens einer der Rauchbehandlungseinheiten zu fiihren,

- eine Auslassleitungsvorrichtung, um den Rauch, der durch die Rauchbehandlungseinheiten behandelt wird,
zu einem Auslass des Systems zu fiihren, und

- fir mindestens ein Paar aus Temperatursensoren:

. der erste Temperatursensor (24) positioniert ist, um die Temperatur T, des Rauchstroms vorgeschaltet

der Einlassleitungsvorrichtung zu messen, und
- der zweite Temperatursensor (26) positioniert ist, um die Temperatur T, des Rauchstroms nachgeschaltet
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der Auslassleitungsvorrichtung zu messen.
13. System (10) zum Rdésten von Kaffeebohnen, das System umfassend:

- mindestens eine Rdsteinrichtung (2), und

-mindestens eine Rauchbehandlungseinheit (3), die konfiguriertist, um mindestens einen Teil des Rauchstroms,
der durch die mindestens eine Rdsteinrichtung erzeugt wird, zu behandeln, die Rauchbehandlungseinheit um-
fassend:

. mindestens eine entfernbare Filtervorrichtung (221, 222, 223) und mindestens ein Paar aus einem ersten
und einem zweiten Temperatursensor, wobei der erste Temperatursensor (24) konfiguriert ist, um die
Temperatur T1 des Rauchstroms vorgeschaltet der entfernbaren Filtervorrichtung zu messen, und der
zweite Temperatursensor (26) konfiguriert ist, um die Temperatur T2 des Rauchstroms nachgeschaltet der
entfernbaren Filtervorrichtung zu messen, und

- einen Rauchtreiber (23), der konfiguriert ist, um Rauch, der durch die Résteinrichtung (2) erzeugt wird,
Uber die Rauchbehandlungseinheit zu treiben,

- ein Steuersystem (3), das betriebsfahig ist, um das Verfahren nach einem der Anspriiche 1 bis 12 durch-
zufihren.

14. Computerprogramm, umfassend Anweisungen, um das System nach Anspruch 13 zu veranlassen, das Verfahren
nach einem der Anspriiche 1 bis 12 durchzufiihren.

15. Computerlesbares Speichermedium, das das Computerprogramm nach Anspruch 14 darauf gespeichert aufweist.

Revendications
1. Procédé de vérification d’un systéme de torréfaction (10), ledit systétme comprenant :

- au moins un appareil de torréfaction (2), ledit appareil produisant des fumées pendant le chauffage de grains
de café, et

- au moins une unité de traitement des fumées (3) configurée pour traiter au moins une partie du flux de fumeées
produit par 'au moins un appareil de torréfaction, ladite unité de traitement des fumées comprenant au moins
un dispositif de filtrage amovible (221, 222, 223),

- un dispositif d’entrainement des fumées (23) configuré pour entrainer les fumées de I'appareil de torréfaction
(2) vers ledit au moins un dispositif de filtrage,

dans lequel I'au moins une unité de traitement des fumées (3) comprend au moins un couple d’'un premier et
d’'un second capteur de température, le premier capteur de température (24) étant configuré pour mesurer la
température T4 du flux de fumées en amont dudit au moins un dispositif de filtrage amovible et le second capteur
de température (26) étant configuré pour mesurer la température T, du flux de fumées en aval dudit au moins
un dispositif de filtrage amovible,

dans lequel le procédé comprend les étapes consistant a :

- faire fonctionner I'appareil de torréfaction afin de produire du gaz chaud,

- surveiller la premiére et la seconde température mesurées par I'un des couples d’'un premier et d’'un
second capteur de température pendant au moins une période de temps de ladite opération,

- observer la différence de comportements des températures surveillées au fil du temps,

- comparer ladite différence observée de comportements a une différence prédéterminée de comportements
correspondant a la présence dudit au moins un dispositif de filtrage amovible entre les deux capteurs de
température,

- si la différence observée de comportements s’écarte de la différence prédéterminée de comportements,
afficher une alarme.

2. Procédé selon la revendication 1, dans lequel I'étape consistant a faire fonctionner I'appareil de torréfaction afin de

produire du gaz chaud est une opération de torréfaction de grains de café, une opération de préchauffage de
I'appareil de torréfaction ou une opération d’initialisation d’au moins un dispositif de filtrage.

3. Procédé selon larevendication 1 ou 2, dans lequel le dispositif de filtrage amovible (221, 222, 223) peut étre nettoyé,
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jeté ou présente la capacité d’étre régénéré, et est de préférence compris dans la liste suivante : un tamis métallique,
un électrofiltre, un filtre absolu, un filtre en papier, en tissu et/ou en coton, un filtre en matériau adsorbant et des
combinaisons de ceux-ci.

Procédé selon la revendication 1 ou 2, dans lequel la différence prédéterminée de comportements est choisie selon
la nature de I'au moins un dispositif de filtrage amovible positionné entre le premier et le second capteur de tem-
pérature du couple.

Procédé selon I'une quelconque des revendications précédentes, dans lequel :

- dans I'étape d’observation de la différence de comportements des températures surveillées, la différence AT
entre lesdites températures (T4, T,) est calculée & au moins un moment t; apres le début de I'opération, et

- si ladite différence AT est inférieure & un seuil de température prédéterminé AT, associé & ce moment t,, alors
l'alarme est affichée.

Procédé selon 'une quelconque des revendications 1 a 4, dans lequel :
Ry
- dans I'étape d’observation des comportements des températures surveillées, le rapport Ry entre la vitesse
ary

. . ) . Ri . g . ,
d’augmentation de la premiére température mesurée dt 3 un moment prédéfini ty et la vitesse d’augmen-
R de
. . . 2w . e .
tation de la seconde température mesurée 4t audit moment prédéfini t; est calculé, et

Ry

- si le rapport R1 est inférieur a un seuil prédéterminé R,,4, alors 'alarme est affichée.

Procédé selon I'une quelconque des revendications précédentes, dans lequel le premier capteur de température
(24) d’un couple est positionné juste en amont d’un dispositif de filtrage amovible (221) et le second capteur de
température dudit couple (26) est positionné juste en aval dudit dispositif de filtrage amovible (221) selon le flux de
fumées.

Procédé selon la revendication précédente, dans lequel ledit dispositif de filirage amovible est un filtre en matériau
adsorbant, ledit filtre comprenant un sac en matériau adsorbant amovible (2211), de préférence un sac a charbon
actif.

Ry

Procédé selon la revendication 7 ou 8, dans lequel le rapport R1 entre la vitesse d’augmentation de la premiére
ar,

température mesurée 4t 3 un moment prédéfini t; et la vitesse d’augmentation de la seconde température
dar,

Rz =
mesurée dt  audit moment prédéfini t, est calculé, et
R,
- sile rapport Ry est proche de 1, de préférence supérieur a un seuil prédéterminé, et que ledit seuil est inférieur
a 1, alors l'alarme est affichée.

Procédé selon I'une quelconque des revendications précédentes, dans lequel I'unité de traitement des fumées (3)
comprend :

- plusieurs dispositifs de filtrage amovibles (221, 222, 223), lesdits dispositifs de filtrage étant positionnés en
série selon la direction du flux de fumées a l'intérieur de l'unité de traitement des fumées, et

- plusieurs couples d’'un premier et d’un second capteur de température, dans lequel chaque couple est associé
a un dispositif de filtrage amovible dédié, le premier capteur de température (24) dudit couple étant positionné
juste avant ledit dispositif de filtrage amovible dédié (221) et le second capteur de température dudit couple
(26) étant positionné juste aprés ledit dispositif de filtrage amovible dédié (221) selon la direction du flux de
fumées.
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11. Procédé selon l'une quelconque des revendications 1 a 7, dans lequel :

- l'unité de traitement des fumées (3) comprend plusieurs dispositifs de filtrage amovibles (221, 222, 223),
lesdits dispositifs de filtrage étant positionnés en série selon la direction du flux de fumées a l'intérieur de I'unité
de traitement des fumées, et

- pour au moins un couple de capteurs de température :

. le premier capteur de température (24) est positionné pour mesurer la température T, du flux de fumées
en amont d’au moins deux dispositifs de filtrage amovibles, et

. le second capteur de température (26) est positionné pour mesurer la température T, du flux de fumées
en aval desdits au moins deux dispositifs de filtrage amovibles.

12. Procédé selon I'une quelconque des revendications précédentes, dans lequel le systeme comprend :

- plusieurs unités de traitement des fumées (3), chacune desdites unités de traitement des fumées étant con-
figurée pour conduire et traiter au moins une partie des fumées par un chemin dédié, et

- un dispositif de conduite d’entrée pour guider les fumées émises par I'au moins un appareil de torréfaction
vers au moins I'une parmi les unités de traitement des fumées,

- un dispositif de conduite de sortie pour guider les fumées traitées par les unités de traitement des fumées
vers une sortie du systéme, et

- pour au moins un couple de capteurs de température :

. le premier capteur de température (24) est positionné pour mesurer la température T4 du flux de fumées en
amont dudit dispositif de conduite d’entrée, et

- le second capteur de température (26) est positionné pour mesurer la température T, du flux de fumées en
aval dudit dispositif de conduite de sortie.

13. Systeme (10) de torréfaction de grains de café, ledit systtme comprenant :

- au moins un appareil de torréfaction (2), et

- au moins une unité de traitement des fumées (3) configurée pour traiter au moins une partie du flux de fumées
produit par I'au moins un appareil de torréfaction, ladite unité de traitement des fumées comprenant :

. au moins un dispositif de filtrage amovible (221, 222, 223), et au moins un couple d’un premier et d’'un second
capteur de température, le premier capteur de température (24) étant configuré pour mesurer la température
T1 du flux de fumées en amont dudit dispositif de filtrage amovible et le second capteur de température (26)
étant configuré pour mesurer la température T2 du flux de fumées en aval dudit dispositif de filtrage amovible, et
- un dispositif d’entrainement des fumées (23) configuré pour entrainer des fumées produites par I'appareil de
torréfaction (2) a travers l'unité de traitement des fumées,

- un systéeme de commande (3) pouvant fonctionner pour réaliser le procédé selon 'une quelconque des re-
vendications 1 a 12.

14. Programme informatique comprenant des instructions pour amener le systéme selon la revendication 13 a réaliser
le procédé selon I'une quelconque des revendications 1 a 12.

15. Support de stockage lisible par ordinateur sur lequel est stocké le programme informatique selon la revendication 14.
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